Objective: Hearing loss may increase listening-related effort and fatigue due to the increased mental exertion required to attend to, and understand, an auditory message. Because there have been few attempts to quantify self-reported effort and fatigue in listeners with hearing loss, that was the aim of the present study.
INTRODUCTION
A recent discussion paper provided a general definition of listening effort as "the mental exertion required to attend to, and understand, an auditory message" (McGarrigle et al. 2014, p. 434) . This general definition does not seek to differentiate processing effort from perceived effort; however, the present study is concerned with the latter, the self-reported effort associated with listening. The same discussion paper also provided a general definition for listening-related fatigue as "the extreme tiredness resulting from effortful listening" ( McGarrigle et al. 2014, p. 434) . In previous research on listening effort and fatigue, a variety of self-report, performance-based, and physiological measures have been used (see reviews by Bess & Hornsby 2014; McGarrigle 2014) . Implicit in this body of research is the idea that listening effort and listening-related fatigue have a cognitive basis that has physiological correlates; however, the relationship between the physiological indices of listening effort, and the self-reported listening effort (processing and perceived effort, respectively) is complex and is not well understood (e.g., see Wendt et al. 2016) .
Hearing-impaired listeners may expend increased listening effort in difficult listening situations compared to normalhearing listeners. Increased listening demands are imposed on hearing-impaired listeners in order for them to compensate for their hearing loss. For instance, a hearing-impaired listener might not be able to hear every single word in a sentence. Consequently, more mental effort may be required to identify the relationship between the different items in the sentence, guess misheard words, and the gist of the sentence. Increased listening effort might benefit hearing-impaired individuals in terms of understanding speech in challenging listening situations (Downs 1982; Hick & Tharpe 2002; Zekveld et al. 2011; Hornsby 2013) . However, high levels of listening effort on a daily basis may result in mental fatigue, which may be associated with a reduced ability to concentrate or to perform some cognitive tasks (Hornsby 2013; Bess & Hornsby 2014) . The tiredness resulting from increased listening effort could cause a hearing-impaired individual to "give up" on exerting effort to understand speech and this may lead to communicative disengagement (Hétu et al. 1993) .
Hearing-related disability, that is, the listening difficulties associated with the presence of hearing impairment that induces limitations on the individual's ability to function in everyday life, is currently measured using tests of speech perception and selfreported hearing disability. Performance on speech perception tests does not index listening-related effort or fatigue, so may miss an important dimension of hearing disability. Most of the self-report measures of hearing used in audiology do not include items about listening-related effort and fatigue. One exception is the speech, spatial, and qualities (SSQ) hearing scale (Gatehouse & Noble 2004) , which contains three items about listening effort. However, the SSQ hearing scale is not commonly used in clinical settings. Quantifying listening effort and fatigue may provide a more detailed assessment of hearing-related disability and may act as a useful outcome measure when comparing e40 ALHANBALI ET AL. / EAR & HEARING, VOL. 38, NO. 1, intervention strategies. The aim of the present study was to quantify self-reported levels of listening effort and fatigue in hearing-impaired adults. Below, we first discuss the concept of fatigue and its assessment in chronic health conditions other than hearing loss. We then discuss the relevance of fatigue to hearing loss, the negative impact of fatigue on hearing-impaired listeners, and the importance of the assessment of fatigue as a dimension of hearing disability. We then discuss the concept of listening effort, its relevance in the field of audiology, self-report scales of listening effort, and their application.
Measuring Fatigue in Chronic Health Conditions
Fatigue is a commonly reported experience in a number of chronic health conditions (Dittner et al. 2004) . In each health condition, the fatigue may be either physical, mental, or both (Lou et al. 2001) ; physical fatigue is defined as a reduced ability or desire to perform a physical task (Bess & Hornsby 2014) whereas mental fatigue is defined as a feeling of tiredness, exhaustion, or lack of energy due to cognitive or emotional demands (Bess & Hornsby 2014) . Fatigue can reduce quality of life in terms of decreased productivity and increased workrelated injuries (Ricci et al. 2007) . Fatigue is also associated with depression and lack of desire to engage in daily life activities and social interactions (Ferrando et al. 1998 ). These negative consequences of chronic fatigue have raised awareness of the importance of its assessment in a number of chronic health conditions (Dittner et al. 2004) .
Fatigue scales developed for specific patient populations consist of questions that target the symptoms that occur with the health condition (Dittner et al. 2004 ). Examples of these scales are the "cancer fatigue scale" (Okuyama et al. 2000) and one for patients with multiple sclerosis (MS) "MS-specific fatigue severity scale (FSS)" (Krupp et al. 1995) . For instance, one of the items in the MS-specific FSS is "heat brings on my fatigue." This is specific to MS because feeling weak as a result of heat is a commonly reported symptom in MS patients (Nelson & McDowell 1959) .
Fatigue scales have been used to (a) assess the presence and the severity of fatigue, (b) estimate the number of "cases" who have severe fatigue, and (c) quantify the benefit of intervention in terms of reduced fatigue. For instance, Stone et al. (2000) aimed to identify the number of cancer patients experiencing severe fatigue. The authors defined cases of severe fatigue as those who obtained scores in excess of 95th percentile of the scores obtained by the control group on the FSS (Krupp et al. 1995) . Results indicated that the percentage of patients complaining of severe fatigue was 15% for patients with recently diagnosed breast cancer, 16% for patients with recently diagnosed prostate cancer, 50% for patients with inoperable nonsmall cell lung cancer, and 70% for patients receiving specialist inpatient palliative care.
In addition to the disease-specific scales mentioned above, a range of fatigue scales have been developed for the general population including the Multidimensional Fatigue Inventory (MFI) developed by Smets et al. (1995) . MFI consists of five subscales assessing multiple aspects of fatigue including: general fatigue, physical fatigue, mental fatigue, reduced motivation, and reduced activity. Some of the general fatigue scales mainly assess physical fatigue such as the FSS developed by Krupp et al. (1989) , whereas others assess physical and mental fatigue such as the fatigue assessment scale (FAS) developed by Michielsen et al. (2004) .
Hearing Loss and Fatigue
There are numerous anecdotal reports that the increased listening demands of hearing-impaired listeners cause them to feel tired and lacking in energy at the end of the day. The experience of hearing loss-induced fatigue on a daily basis can have negative long-term consequences affecting the quality of life of the hearing-impaired individual. For instance, Kramer et al. (2006) found that hearing-impaired workers tend to take more sick leave compared to their normal-hearing colleagues. Hearing-impaired workers reported that "fatigue" and "mental distress" are common causes for their frequent sick leave. Nachtegaal et al. (2009) have also found that hearing-impaired workers experience increased levels of fatigue at work and thus need more time to recover.
Unlike other chronic health conditions, self-reported fatigue within the hearing-impaired adult population has received limited attention. There are currently no self-report scales that have been specifically developed to assess selfreported listening-related fatigue. Previous studies have attempted to use general scales to index fatigue in groups of people with hearing loss. Hornsby et al. (2014) used the Pediatric Quality of Life Inventory (PedsQL) Fatigue Scale to investigate the difference in self-reported fatigue between a group of school-age children with hearing loss and a normalhearing control group. PedsQL is a general self-report fatigue scale for children aged 5 to 18 years. PedsQL consists of three subscales assessing general fatigue (e.g., "I feel tired"), sleep/ rest fatigue (e.g., "I rest a lot"), and cognitive fatigue (e.g., "It is hard for me to think clearly"). Hearing-impaired children reported significantly increased levels of fatigue in all three subscales compared to the control group. Hornsby and Kipp (2016) measured fatigue in hearingimpaired adults >55 years of age who were seeking help for their hearing difficulties (the authors assumed that a small proportion of these adults might be existing HA users). A fatigue subscale from the Profile of Mood States (POMS; McNair et al. 1971) was used in the study. POMS consists of 65 single words that describe general feelings such as "anxious" and "energetic." Six different mood states can be derived from the POMS including: "tension," "depression," "anger," "confusion," "fatigue," and "vigor." Data for an age-matched control group was obtained from a standardized sample of the general population (Nyenhuis et al. 1999) . Hearing-impaired adults reported significantly less vigor compared to the control group. However, there was no significant difference in self-reported fatigue between hearing-impaired adults and the control group. Hornsby and Kipp (2016) did not have information about the hearing of the agematched control group. Some of the participants in the control group might have had a hearing impairment, which could have reduced the difference in mean scores between the two groups.
In Hornsby and Kipp's (2016) study, 15% of hearingimpaired adults reported severe fatigue, defined as scores that were more than 1.5 SD above the mean of the normative data. There was a relationship between the severity of fatigue and scores on the Hearing Handicap Inventory for Elderly (Ventry & Weinstein 1982) , which is a measure of self-reported hearing ALHANBALI ET AL. / EAR & HEARING, VOL. 38, NO. 1, e39-e48 e41 difficulty. However, no relationship was identified between the severity of fatigue and hearing level. Hornsby and Kipp suggest that the lack of correlation might indicate that perceived hearing difficulties are a stronger indicator of fatigue than hearing level.
To assess self-reported fatigue in listeners with hearing loss, it is necessary to use a validated general fatigue scale because no fatigue scales have been specifically developed to assess listening-related fatigue. Further, given that hearing loss is associated with increased cognitive rather than physical demands, it is reasonable to use a generic scale that includes items related to mental fatigue. One widely used general fatigue scale, with established reliability and validity, is the FAS (Michielsen et al. 2004 ). The FAS consists of items that assess both physical and mental fatigue. Smith et al. (2008) used FAS to investigate fatigue in elderly adult patients with stroke, chronic heart failure, and a control group. Stroke and chronic heart failure patients reported significantly higher levels of fatigue compared to the control group. The authors calculated the prevalence of "greater fatigue" by identifying the percentage of participants who obtained scores above the highest quintile of the scores obtained by the healthy control group. The prevalence of "greater fatigue" within stroke and chronic heart failure patients was 61.3 and 67.3%, respectively.
Measuring Listening Effort
Unlike fatigue, interest in the concept of effort is relatively limited in chronic health conditions. This may be because fatigue can be a chronic state, whereas effort is transient.
Hearing-impaired listeners commonly complain of the need for increased levels of effort to understand speech in background noise (McGarrigle et al. 2014) . Measures of listening effort used in previous studies include self-report (e.g., Gatehouse & Noble 2004), performance-based/behavioral measures (e.g., reaction times; Gatehouse & Gordon 1990) , and physiological indices (e.g., skin conductance and muscle activity; Mackersie & Cones 2011) . However, self-report measures of effort do not generally correlate with behavioral or physiological measures of effort (e.g., Zekveld et al. 2010; Desjardins & Doherty 2013) . This may be due, at least in part, to conflating processing effort and perceived effort: the relationship between these is complex and not well understood. Kuchinsky et al. (2014) found that speech perception training resulted in improved word identification but this was accompanied by larger pupil sizes. Pupil dilation reflects increased vigilance and attention (Laeng et al. 2012) but it is counterintuitive to assume that the training resulted in higher levels of perceived effort. Wendt et al. (2016) found that varying the syntactic complexity of sentences and the level of background noise do not have the same effect on pupil dilation (processing effort) and self-report measures (perceived effort). They also found that participants with high working memory capacity showed increased pupil dilation in the higher-level noise condition but these same participants provided lower subjective ratings of listening effort in this condition. Therefore, it should not be assumed that pupil dilation and subjective ratings assess the same aspect of listening effort. In the clinical setting, it is the perceived effort that is of interest to the patient and the health care professional.
Some self-report measures have focused on the effort required to perform a specific listening task in an experimental or clinical setting. Mackersie and Cones (2011) used the National Aeronautics and Space Administration Task Load Index (NASA TLX) (Hart & Staveland 1988) to measure self-reported listening effort in relation to listening tasks of different levels of difficulty. Selfassembled questionnaires have been used to assess the listening effort experienced while performing a specific laboratory-based listening task. For example, Zekveld (2011) asked participants to rate the perceived listening effort on a scale ranging from 0 (no effort) to 10 (very high effort) in a sentence recognition in noise task at 50, 71, and 84% intelligibility levels.
Other self-report measures focus on listening effort that patients experience on a daily basis. Dawes et al. (2014) reported a "listening effort" subscale derived from three effort-related items in the SSQ hearing scale (Gatehouse & Noble 2004) . Dawes et al. used this "listening effort" subscale to assess the change in listening effort following auditory acclimatization in new HA users compared with a control group of experienced HA users. Participants were required to rate the level of effort on a visual analog scale ranging from −5 to +5 with 0 indicating no change in effort, −5 much more listening effort and, +5 much less listening effort. After 3 months of hearing aid use, new HA reported a significant reduction in listening effort with their new hearing aids compared with the control group.
To our knowledge, self-report measures have not been previously used to estimate the listening effort in the daily life of adults with hearing loss versus controls with good hearing.
Aims
This aim of this study was to extend previous knowledge by investigating both self-reported listening effort and selfreported fatigue in adults with different types of hearing impairment and to compare them with an age-matched control group with good hearing. Individuals with hearing loss included hearing aid users (HA), cochlear implant users (CI), and adults with single-sided deafness (SSD). It was hypothesized that individuals with hearing loss would report increased levels of listening effort and fatigue compared to the control group. A second aim was to investigate the relationship between the self-reported levels of effort and fatigue. If listening effort results in increased fatigue, it was hypothesized that there would be a positive correlation between the self-report levels of listening effort and fatigue. The last aim was to use factor analysis to investigate if the questions of the FAS and the effort assessment scale (EAS) load into two distinct dimensions, consistent with "effort" and "fatigue" being different constructs. It was hypothesized that the questions of the FAS would load into a "fatigue" factor, and the questions of the EAS would load into an "effort" factor.
MATERIALS AND METHODS

Participants
Four groups of 50 English speaking adults were recruited. Demographic data for each group of participants are provided in Table 1 . Kruskal-Wallis test showed no significant difference in age between the groups (H[3] = 6.066, p > 0.05). A minimum sample size of 40 participants per group was estimated to provide 80% statistical power to detect a clinically significant difference with a medium-sized effect (r = 0.3; Field 2009 ) between the groups (α = 0.05), based on a between-groups analysis of variance. The study was powered to detect at least a e42 ALHANBALI ET AL. / EAR & HEARING, VOL. 38, NO. 1, e39-e48 medium-sized effect because small difference between hearingimpaired and control groups would not be of clinical relevance. According to Field, the cutoff for a small effect size = 0.1 and the cutoff for a large effect size = 0.9. Power calculation was performed using G* power calculator version 3.1.
The HA group included adults with bilateral mild-to-severe sensorineural hearing loss. All of the participants in this group were users of one or two hearing aids for at least six months (16% were users of one hearing aid and 84% were users of two hearing aids). The CI group included adults who were users of one cochlear implant for at least six months. The SSD group included adults with profound unilateral hearing loss caused by the surgical removal of an acoustic neuroma at least one year earlier. All of the participants in the SSD group had hearing thresholds <35 dB HL average at 500, 1000, 2000, and 4000 Hz in the nonaffected side. The control group included adults who passed a pure-tone screen at a level of 30 dB HL at 500, 1000, 2000, and 4000 Hz in both ears.
Participants in the four groups were matched for age because of the evidence that age has an influence on listening effort (Degeest et al. 2015) . Participants were also matched for sex. We did not match participants for socioeconomic status or educational level as we were not aware of any evidence to suggest that these factors would influence participants' rating of listening effort and fatigue.
The study was reviewed and approved by the National Research Ethics Services of South Central-Hampshire A, REC reference: 15/SC/0113.
Self-Report Scales
Fatigue • The FAS is a validated scale consisting of 10 short items (Michielsen et al. 2004 ; see Table 2 ). Responses are provided on a five-point Likert scale with zero points for "never" and four points for "always." The instructions were "The following 10 statements refer to how you usually feel on a daily basis. For each statement, choose one out of the five answers. Please give an answer to each statement, even if you do not have any complaints at the moment." The overall score of FAS is calculated by summing the responses obtained to each individual question. The total score of FAS ranges from 0 to 40, with higher scores indicating more fatigue. To investigate the correlation between FAS and EAS, FAS scores were converted into percentages. Effort • We are not aware of any validated scale to measure self-reported listening effort in the daily life of people with hearing loss. Consequently, we chose to use a self-assembled scale. We refer to this scale as "EAS" (Table 3 ). Three of the EAS questions were obtained from the SSQ hearing scale (Gatehouse & Noble 2004) , which is a validated scale assessing different aspects of hearing disability. The other three questions were from an unpublished PhD paper (Alkhamra, Reference Note 1).
In the EAS, Responses are provided on a visual analog scale from 0 to 10 with 0 indicating "no effort" and 10 "lots of effort." Participants are required to put a mark at the point that represents the level of effort they experience. The total score of EAS was calculated by adding the score of each of the six questions to give a score between 0 and 60, with higher scores indicating more effort. As in the case of FAS, all scores were converted into percentages.
Procedure
Hearing-Impaired Groups • In each recruitment site, audiologists identified potential participants who met the inclusion criteria by reviewing the hospital records. For each hearingimpaired group, the questionnaires were posted initially to 80 potential participants along with an invitation letter, participant information sheet, consent form, and a stamped addressed envelope. Additional participants were also approached through the same recruitment sites to achieve a total of 50 participants in each group. In the invitation letter, participants were asked to complete the questionnaires, sign the consent form, and post them back to the researcher if they would like to take part in the study. Demographic and audiometric data (based on the most recent audiogram obtained within 3 months of participation in the study) were obtained from the patient records. Control Group • Participants in the control group were approached directly through social groups. After written informed consent, the hearing level of the participants in the control group was checked to determine their candidacy to take part in the study. The researcher visited social groups and performed hearing screening for potential participants before having them complete the questionnaires. Hearing screening was carried out using a Kamplex KLD 21 diagnostic audiometer. A pure tone was presented at a fixed level of 30 dB HL at the following frequencies: 500, 1000, 2000, and 4000 Hz. A "pass" was defined as being able to hear the tones at all frequencies in both ears. Only adults who passed hearing screening were included in the control group.
Analysis
The data were examined using Shapiro-Wilk and Kolmogorov-Smirnov tests and the findings indicated that it was appropriate to use nonparametric statistics for data analysis. Data were summarized using medians and percentiles. A comparison of scores between groups was carried out using a Kruskal-Wallis test. Post hoc analysis using Mann-Whitney U pair-wise test was carried out to identify any significant difference between any two groups. Bonferroni correction was applied (0.05 divided by 6) so all effects are reported at a 0.008 level of significance. The effect size was calculated by dividing the z score by the square root of the number of the participants included in the comparison (100 participants for each pair-wise comparison). The relationship between listening effort and fatigue was analyzed using Spearman's correlation coefficient. We also calculated the proportion of participants who experience "extreme" listening effort and fatigue. The reference range was defined as scores above the 95th percentile of the control group. Chi-square test was used to identify any significant difference in the proportions of extreme effort and fatigue between the hearing-impaired groups. The Kaiser-Meyer-Olkin (KMO) measure was conducted to verify the adequacy of the sample size for factor analysis. Factor analysis was conducted on 16 items (10 questions of the FAS and 6 questions of the EAS). The factors were identified based on eigenvalues greater than one. Oblique rotation was applied to identify how the question of EAS and FAS load into the different factors. Oblique rotation was used because the factors (listening effort and fatigue) correlated significantly (Field 2009 ). Figure 1 shows box plots of FAS and EAS scores for each group. The 50th percentile for FAS is around 14% for the control group but around 22% for each of the three hearingimpaired groups. The 50th percentile for EAS is around 20% for the control group but around 70% for each of the three hearing-impaired groups.
RESULTS
FAS Scores
Comparison of the FAS scores across all four groups revealed a significant difference (H[3] = 13.96, p < 0.05). Pairwise comparisons revealed a significant difference in FAS score between the control group (median FAS score = 13.75) and each of the individual hearing-impaired groups (HA group [median = 22.5]; U = 772.50, z = −3.30, p < 0.008, CI group [median = 22.5]; U = 836.50, z = −2.86, p < 0.01, SSD group [median = 22]; U = 840.50, z = −2.83, p < 0.01). The effect size (r) for the difference between the control group and the HA group was −0.33, for the difference between the control group and the CI group was −0.29, and for the difference between the control group and the SSD group was −0.28. There were no significant differences between the hearing-impaired groups (HA versus CI: U = 1153, z = −0.67, p > 0.05; HA versus SSD: U = 1189, z = −0.42, p > 0.05; CI versus SSD: U = 1183, z = −0.46, p > 0.05).
The proportion of participants who experience extreme fatigue was 22, 10, and 22%, for the HA, CI, and SSD groups, respectively. The difference in the proportion of each group reporting extreme fatigue was not statistically significant (HA versus CI: x 2 (1) = 2.68, p > 0.05, CI versus SSD: x 2 (1)= 2.68, p > 0.05).
EAS Scores
Comparison of the EAS scores across all four groups revealed a significant difference (H[3] = 61.96, p < 0.05). 
Correlation Between FAS and EAS Scores
The scatter plot in Figure 2 shows that increased FAS scores are associated with increased EAS scores. There was a weak but significant correlation between the ratings of listening effort and fatigue of all four groups (r = 0.40, p < 0.05). There was a significant correlation between the EAS and the FAS scores for the CI group (r = 0.40, p < 0.05), the SSD group (r = 0.40, p < 0.05), and the control group (r = 0.30, p < 0.05). However, there was no significant correlation between FAS and EAS for the HA group (r = 0.20, p > 0.05).
We took the opportunity to investigate the relationship between the fatigue/effort score and: (a) the age and sex of participants and (b) severity of hearing loss in the HA group (indicated by the pure-tone average of each participant based on the results of a hearing test that was performed within 3 months of conducting the study). The correlation with the severity of hearing loss was not investigated for each of the CI and SSD groups. All of the participants in the CI group had bilateral profound hearing loss. All of the participants in the SSD group had one dead ear and passed a hearing screening at 30 dB HL in the other ear. There was no significant correlation between age and FAS scores (r = 0.021, p > 0.05) and between age and EAS scores (r = −0.042, p > 0.05) in any of the four groups. There was no significant difference in FAS and EAS scores between males and females (FAS; U = 4794.5, z = −0.230, p > 0.05, EAS; U = 4664.00, z = −0.553, p > 0.05). In the HA group, there was no correlation between the severity of hearing loss and FAS scores (r = −0.06, p > 0.05), and between the severity of hearing loss and EAS scores (r = 0.16, p > 0 0.05).
Factor Analysis
The KMO measure represents the ratio of the squared correlation between variables to the squared partial correlation between variables (Field 2009 ). The value of KMO ranges from 0 to 1. A value of 0 indicates that the sum of the partial correlation is large compared to the sum of correlations implying that there is a diffusion or a scatter in the pattern of correlation. A value of 0 means that performing a factor analysis is inappropriate as it will not be possible to identify distinct factors as a result of the scattered pattern of correlations. On the contrary, a value of 1 implies that the pattern of correlation is compact and that factor analysis will most probably yield distinct factors (Field 2009 ). In the present study, the KMO measure of 0.91 verified sampling adequacy for the analysis (Field 2009 ). The KMO statistics for individual variables was also satisfactory (above 0.5; Field 2009). Analysis yielded two factors with eigenvalues greater than one. The first factor had an eigenvalue of 6.56 and accounted for 41% of the variance. The second factor had an eigenvalue of 3.13 and accounted for 20.71% of the variance.
After rotation, the unique contribution of each variable to each factor is detailed in the pattern matrix in Table 4 . Contributions less than 0.3 are not shown. The FAS questions (labeled as FAS 1 to FAS 10) load more strongly to the first factor (interpreted as fatigue) whereas the EAS questions (labeled EAS 1 to EAS 6) load more strongly to the second factor (interpreted as listening effort). 
Psychometric Qualities of the EAS
Factor analysis indicated that all of the questions in the EAS load on to one factor which explained 71% of the variance. Factor loading for all of the EAS items was greater than 0.78. Interitem correlation showed that the correlations between the different items of the EAS ranged from 0.63 to 0.83 and this provides confidence that all of the items in the EAS assess the same factor.
Internal consistency is the assessment of the degree of correlation between the different items of the scale (Bland & Altman 1997) . Internal consistency of the EAS items was evaluated using Cronbach's α. For all items in the EAS this was 0.94. Removing any individual item of the EAS not improve Cronbach's α.
It was not possible to assess each of criterion validity and construct validity for the EAS in the present study. Criterion validity is "the extent to which a measure is empirically associated with relevant criterion variables" (Westen & Rosenthal 2003) . Criterion validity depends on the presence of a "gold standard" that can be used in defining the concept of interest (Chrispin et al. 1997) . The assessment of criterion validity was limited by the absence of a "gold standard" or specific criteria that can be used to confirm the hearing-impaired individual's experience of listening effort. Construct validity is "the extent to which a measure adequately assesses the construct it purports to assess" (Westen & Rosenthal 2003) . The assessment of construct validity is based on establishing the correlation between a potential measure and an established tool that is theoretically assessing the same construct (Westen & Rosenthal 2003 ). This is also not possible in the case of the EAS because of the absence of a standardized self-repot measure for the assessment of self-reported listening effort.
In summary, there are five main findings in the study:
1. Hearing-impaired participants reported increased levels of listening effort and fatigue compared to the agematched control group. 2. The proportion of participants who experience extreme fatigue was 22, 10, and 22%, for the HA, CI, and SSD groups, respectively. The proportion of participants who experience extreme listening effort was 46, 54, and 52%, for the HA, CI, and SSD groups, respectively. 3. There was no difference in self-reported levels of listening effort and fatigue between HA, CI, and SSD groups. 4. There was a weak positive correlation between FAS and EAS. 5. The questions of the FAS and the EAS assess two distinct constructs.
DISCUSSION
Self-Reported Fatigue
As hypothesized, hearing-impaired listeners reported increased levels of fatigue compared to the age-matched controls. This is consistent with the findings of Hornsby et al. (2014) who showed that hearing-impaired children also report greater levels of fatigue compared to age-matched controls. There was a wide range of fatigue scores in the HA group with around 10% of outliers. However, this was not the case with the other hearing loss groups who are significantly different from the controls. In any case, the difference between the HA group and the controls was still significant when the outliers were removed. It is apparent from Figure 1 that there was a wide range of fatigue scores and there is overlap between the hearing-impaired groups and the control group. The same pattern of overlapping results between hearing-impaired and control groups was also identified by Hornsby and Kipp (2016) . All of the participants recruited in this study were elderly adults who may have been experiencing various levels of fatigue due to different reasons. However, it might be that for some people the addition of hearing impairment does not contribute significantly to the overall fatigue resulting in an overlap in FAS scores between the four groups.
The most likely explanation for the higher levels of selfreported fatigue in the hearing-impaired groups versus the control group is due to the hearing difficulty. Although it cannot be ruled out, we have no reason to believe that there were uncontrolled differences between the groups that could have systematically biased the results. It is possible that some chronic health conditions, for example, diabetes (Mitchell et al. 2009 ), may be more prevalent within the HA group versus the control group. However, differences in levels of chronic health conditions are unlikely to explain differences between the control group and the CI group (who have long-standing congenital hearing loss). With respect to the SSD group, participants might report increased levels of fatigue as a result of the surgery for removal of the acoustic neuroma (Ryzenman et al. 2004 ). However, this possibility was controlled for by only recruiting participants who had the surgery at least one year before the present study.
Results of the present study suggest that fatigue is a commonly reported problem in adults with different types of hearing-impairment and there were no differences in fatigue between the hearing-impaired groups. It was expected that the difference in the severity of the hearing loss between the groups would correspond to differences in self-reported levels of fatigue between groups. For instance, it was expected that participants in the CI group might report the highest level of fatigue as a result of having profound hearing loss and that participants in the SSD might report least difficulties because of having one normal-hearing ear. The most likely explanation for the absence of a difference between the groups is the lack of correlation between self-reported fatigue and hearing level, which was also reported by Hornsby and Kipp (2016) .
There are several explanations for the similarity in fatigue between the groups. First, it is possible that the participants in the hearing-impaired groups truly experience different levels of fatigue but the FAS is not sensitive enough to identify real differences between them. Second, participants in the hearingimpaired groups might experience similar levels of fatigue as a result of adjustments in their lifestyle to compensate for the hearing loss. Third, fatigue may be related to perceived hearing difficulty and not to the hearing level of the participants. In support of this last explanation, Hornsby and Kipp (2016) identified a correlation between self-reported fatigue and selfreported hearing difficulty but not between self-reported fatigue and the severity of hearing loss in hearing-impaired adults. Therefore, our future plans include investigating the correlation between perceived hearing difficulty and the FAS. Smith et al. (2008) reported a mean raw FAS score of 16.5 and 15.3 in participants with chronic heart failure and stroke, respectively. By way of comparison, Smith et al. estimated the prevalence of extreme fatigue (based on scores above the & HEARING, VOL. 38, NO. 1, 95th percentile of a control group on the FAS, as in the present study) for patients with stroke and chronic heart failure to be 61.3 and 67.3%, respectively. The raw median FAS score for the three hearing-impaired groups (9) is lower than FAS scores in patients with stroke and chronic heart failure. The higher prevalence of extreme levels of fatigue and higher mean FAS scores in patients with stroke and chronic heart failure reported by Smith et al. versus the levels reported by adults with hearing loss in the present study seems reasonable because fatigue is often the main symptom in stroke patients (Smith et al. 2008) . The FAS was not specifically developed for the assessment of fatigue in the hearing-impaired population. However, the findings of the present study suggest that the FAS may have potential to assess self-reported fatigue within people with hearing loss and compare levels of fatigue with other groups.
Self-Reported Listening Effort
Preliminary analysis of the psychometric qualities of the EAS indicated acceptable reliability and internal consistency of the EAS scale. It is commonly agreed that the minimum acceptable level of Cronbach's α should be >0.7 (Field 2009) , and for the EAS Cronbach's α was 0.94. Confirming the validity of the EAS is limited by the lack of well-validated measures of listening effort against which the validity of the EAS might be established. Future work should consider the assessment of the content validity of the EAS, which would involve asking audiological experts and people with hearing impairment whether the items of the EAS are representative of the experience of listening effort.
Previous research has reported increased listening effort by hearing-impaired individuals for particular listening tasks in a research environment using scales like NASA-TLX (McCoy et al. 2005; Zekveld et al. 2010) . Self-reported ratings of participants indicated that performing demanding listening tasks in the lab environment was perceived as effortful (Zekveld et al. 2010; Mackersie & Cones 2011) . In the present study, hearingimpaired individuals reported significantly increased levels of listening effort in daily life compared to normal-hearing controls. The findings of the present study confirm that hearingimpaired individuals experience increased levels of listening effort not only in laboratory-based tasks but also in daily life. The findings of the present study also indicate that self-report measures of listening effort (e.g., EAS in this study) may be useful in indexing a potentially important aspect of hearing disability that is not indexed by traditional hearing assessment procedures. The findings are consistent with the hypothesis and with existing research (e.g., Kramer et al. 2006) , that hearingimpaired individuals experience increased levels of listening effort in everyday life compared to normal-hearing controls. An important research need is to develop a validated scale that can be used in future studies for the assessment of listening effort in hearing-impaired individuals.
Based on the calculated effect size, we found that the magnitude of the difference in the self-reported listening effort between the control group and the hearing-impaired groups is larger than the difference in the self-reported fatigue. This might suggest that listening effort is more of a problem for the hearing-impaired population compared with fatigue. It is also possible that hearing-impaired participants are more aware of the experience of listening effort compared with fatigue.
Self-report measures have been previously used in audiology research to assess the effect of particular rehabilitation strategies on self-reported listening effort. For example, Noble and Gatehouse (2006) showed that HA users experienced lower levels of listening effort in daily life compared to hearing-impaired adults who were not HA users. This finding suggests that the use of hearing aids results in decreased self-reported listening effort. However, the findings of the present study suggest that the provision of hearing aids do not reduce listening effort to a level that is comparable to a normal-hearing individual. This should be interpreted with caution because we do not have information about participants' daily use of the hearing aids. Self-report measures have also been used to assess listening effort in people with SSD. There is a common perception that SSD patients do not experience significant hearing difficulties as a result of having a normal-hearing ear (Douglas et al. 2007 ). Douglas et al. found that patients with SSD reported significant listening effort using the SSQ Hearing Scale compared to a matched control group, as in the present study. The findings of Douglas et al. (2007) and the present study suggests that individuals with SSD experience significant hearing disability due to increased listening effort.
In the present study, participants in the hearing-impaired groups reported approximately similar levels of listening effort despite differences in the severity of the hearing loss. The findings of the present study extend the findings of Hornsby and Kipp (2016) and suggest that hearing level might not be a valid predictor of self-reported listening effort. As discussed above in relation to fatigue, it is possible that the lack of a relationship between hearing level and self-reported listening effort is responsible for the lack of the difference in the self-reported listening effort between the three hearing-impaired groups. It is also possible that the EAS scale was not sensitive to differences in effort between the groups and that other measures such as measures of self-perceived hearing difficulty (Hornsby & Kipp 2016 ) might be more sensitive to differences between the groups. In addition, it is also possible that participants in the three groups may have modified their life styles to avoid particularly difficult listening situations and thus they do experience similar levels of listening effort.
Correlation Between Listening Effort and Fatigue
The weak but significant correlation between FAS and EAS supports the hypothesis that there is an association between effort and fatigue. Effort may lead to increased fatigue. However, it is also possible that high levels of fatigue may lead to increased levels of listening effort.
The weak correlation between FAS and EAS scores might be a result of the nature of the questions of the FAS and the EAS. The questions of the EAS are all hearing-specific whereas the questions of the FAS are general. It is possible that factors other than hearing disability influenced the FAS ratings. Participants in the present study were elderly adults who could have been experiencing high levels of fatigue as a result of a number of factors other than hearing difficulty, such as chronic illness. The contribution of multiple factors to the ratings of fatigue might have resulted in the weak correlation between FAS and EAS.
The possibility that the correlation between FAS and EAS reflect a general response bias rather than a real link between effort and fatigue also needs to be considered. In other words, ALHANBALI ET AL. / EAR & HEARING, VOL. 38, NO. 1, e39-e48 e47 participants who provide low scores on one scale assessing one dimension may tend to provide low scores on other scales assessing other dimensions (Podsakoff & Organ 1986 ). It is difficult to control for response bias when investigating the relationship between any two self-report scales (Podsakoff & Organ 1986 ).
Factor Analysis
Factor analysis supported the hypothesis that the FAS and the EAS assess two distinct dimensions. Based on the content of the questions in the FAS and the EAS, we interpreted the factor that the FAS questions loaded onto as "fatigue" and the factor that the EAS questions loaded onto as "listening effort." Future studies are required to determine the reliability and the sensitivity of FAS and EAS before they can be used as an outcome measure to compare interventions.
LIMITATIONS
Due to the cross-sectional design of this study, it was not possible to assess the effectiveness of hearing devices on listening effort and fatigue. This would require a controlled longitudinal study with assessment of listening effort and fatigue before and after intervention.
The range of hearing levels and age was limited. Recruiting participants with a wider range of hearing loss and age could facilitate a more thorough investigation of the correlation (or lack of) between the severity of hearing loss (and age) with listening effort and fatigue.
The hearing-impaired participants who participated in the present study may have been biased toward reporting increased levels of listening effort and fatigue, especially because the purpose of the study was not blinded, that is, participants were aware that effort and fatigue was being investigated in individuals with a hearing loss. The possibility that the participants have been biased toward reporting high level of listening effort highlights the potential importance of identifying a physiological measure of effort and fatigue to be used alongside self-report measures. Using a combination of self-report and physiological measures may help elucidate the factors that contribute to selfratings of effort and fatigue. This recommendation assumes that there is a relationship between processing effort and perceived effort and this may not be the case.
The weak correlation identified between the FAS and the EAS suggest that other variables such as self-perceived hearing difficulty, the presence of chronic health conditions, and the lifestyles of hearing-impaired individuals should be investigated as predictors of listening effort and fatigue.
Finally, the present study focused on the adult population and it would be helpful to investigate effort and fatigue in other age groups to identify whether our findings apply to other age groups of hearing-impaired individuals.
CONCLUSIONS
The main conclusions are 1. Hearing-impaired adults report high levels of listening effort and fatigue in their daily life. 2. 2 out of 10 participants reported extreme levels of fatigue and 5 out of 10 participants reported extreme levels of effort.
3. Adult HA, CI, and those with SSD reported similar levels of effort and fatigue suggesting that these cannot be predicted from hearing level. 4. The FAS and the EAS assess two distinct dimensions.
